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Abstract. We discuss the theoretical and experimental details of two of the main results obtained 
by LHCb with the 2011 data, namely the measurement of the mixing-induced CP-violation in the 
decay B® — >• J/y <j> and the upper limits on the decays B9s — > Then we describe the possible 

strategies to obtain new constraints on two different New Physics models in the light of these results. 
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INTRODUCTION 

In 2007 a discrepancy larger that 3 a was found between the theoretical prediction of the 
phase of the B s mixing amplitude in the Standard Model (SM) and the tagged analyses 
of the decay B s — >■ J /iff by the CDF and DO collaborations yj]. It was the first of 
several other tensions of 1-3 a that arose in the analysis of different flavour observables 
|0], calling for more precise data in order to finally establish if some New Physics (NP) 
had shown up. In this sense, the year 2011 and the first months of 2012 have been an 
exciting period for the flavour community, because of the release of both the last results 
from Tevatron and the first precision measurements from LHC, in particular LHCb. 

The most recent results have put an end to the enthusiasm about two of the observables 
that were considered most promising in revealing the presence of NP. In fact, the 
previously cited measurement of the CP- violating phase in the decay B® — > J/y/ (j> 
has been found to be well consistent with the SM within current uncertainties 
Moreover, the new constraints on the decays B9^ — > of great interest because 

of their theoretical clearness and their large NP allowance, are now very close to the SM 
prediction [4f|. In the second section of this contribution we will review the theoretical 
and phenomenological aspects of these two superstars of the flavour physics of the last 
years, and we will describe the details of the LHCb results. 

A considerable part of the work in the analyses of the models Beyond the Standard 
Model (BSM) performed during the last years has been devoted on one side to check 
their consistency with the strict constraints coming from precision flavour measure- 
ments, and on the other side to understand if they were able to explain the tensions 
present in flavour observables; as a consequence, models predicting new sources of 
flavour violation in the B® system and models with room for enhanced branching ra- 
tios for 2?9 ^ — > have become very popular Q3D - The new LHCb data represent now 
a strict test for these models; in the third section of this contribution we will outline 



how two different BSM scenarios, with different flavour violation patterns, can be af- 
fected by these experimental results, waiting for more detailed studies that will be able 
to constrain more precisely their parameter space. 



SELECTED RESULTS FROM LHCB 

It is well known that Flavour Changing Neutral Currents (FCNCs), being strongly 
suppressed in the SM because of its peculiar flavour structure, are one of the most 
interesting processes in order to detect possible NP contributions. In particular, two types 
of FCNC processes can be considered: the oscillation of neutral mesons, and the classes 
of the so-called rare decays, i.e. the FCNC decays that are mediated by electroweak box 
and penguin type diagrams in the SM. The two observables that we are going to analyze 
are examples respectively of the first and of the second category. 



The mixing-induced CP- violation in the decay B® —^J/iff (j) 

The neutral meson systems B q — B q (q = d,s) can be described by an effective non- 
hermitian Hamiltonian: 
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whose diagonalization leads to the mass and width eigenstates \Bq ) = p\B q ) ±q\B q ). 
The off-diagonal elements Mf 2 and Y\ 2 are responsible for the mixing phenomena; their 
magnitudes are physical observables, and can be determined from measurements of 
respectively the mass difference Am q and the decay width difference AT q between the 
heavy and light mass eigenstates; their phase difference (j) q is also a physical observable, 
strictly related to CP violation and measurable trough the study of decay asymmetries. 

In decays to a final state / which is accessible to both B q and B q mesons, one can 
introduce the key quantity Xf = (q/p)(Af/Af), where Af and Ay are respectively the 
decay amplitudes of B q — > f and B q — > f, and can identify two types of CP violation: 

=s#£p <x 1 — | A/- 1 2 and £/^ x ImXf. If / is a CP eigenstate with eigenvalue rjf, then 
&/qp ^ implies \Af\ ^ \Af\, meaning direct CP violation, while £^^ x measures 
mixing-induced CP violation in the interference between the two decays |g]. Moreover, 
if the decay is dominated by b — > ccs tree amplitude, one finds that the direct CP violation 
vanishes and that the time dependent asymmetry 

r(5,(0->/)-r(B,(<)->/) 



reduces to 



(t) = T7 / sin^sin(Am f? r) 
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giving direct access, once Am q has been fixed, to AT q and (j) q . In addition, in these 
particular conditions the phases (j) q give directly the unitarity triangle angles, (j) c i « 2/3 
and S ps — 2/3. v , but, if there is NP in M^ 2 or in the decay amplitudes, the measured value 
of <j) q can differ from the true values of /3(,) 0]. 

As it satisfies the previous conditions, and because of the clean experimental signa- 
ture, the decay B® — > J /iff is considered the golden-plated mode for the measurement 
of this mixing-induced CP- violation for the B s —B s system. Since 7/ ty/ and are vector- 
mesons, the CP parity of the final state depends on the relative angular momentum, and 
an angular analysis is necessary in order to separate the CP parities. 

After the already cited high-impact results from CDF and DO in 2007, whose 
2010/2011 updates showed however softened deviations, in the end of 2011 LHCb 
released the results of its first tagged analysis of B® — > J /iff (j>, using 0.34 fb 1 of data 
[0]. In the update with the full data sample of 1.0 fbr 1 collected before 2012 Hi, with 
approximately 21,200 flavour tagged B® — > J/\ff(-^ /i + /i~) K + K candidate events 
with K + K invariant mass within ± 12 MeV of the (j) mass, obtained pp collisions 
= 7 TeV, they find: 

(j) s = -0.001 ±0.101(stat)±0.027(syst)rad , (4a) 

Ar, = 0.116±0.018(stat)±0.006(syst)ps~ 1 , (4b) 

that are the world's most precise measurement of <j> s and the first direct observation for 
a non-zero value for Ar,. They are fully compatible with the SM predictions, whose 
updated values read |@] 

& = 0.0038 ±0.0010 rad, Ar, = 0.087 ±0.021 ps" 1 . (5) 

LHCb has also published a paper [fioh which determined the sign of Ar, to be positive 
at 4.7a confidence level by exploiting the interference between the K + K S-wave and 
P-wave amplitudes in the 0(1020) mass region; this resolved the two-fold ambiguity in 
the value of (j) s for the first time. 



The decays B? ^ -± 

These decays are a special case among the electroweak penguin processes, as they 
are chirality-suppressed in the SM and are most sensitive to scalar and pseudoscalar 

operators 0( s p . In fact, the branching fraction can be expressed as 
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and within the SM C5 and Cp are negligibly small and the dominant contribution of C\q 
is helicity suppressed. In the SM branching fraction the main source of uncertainty is 
caused by the B Q S decay constant fg s , but there has been significant progress in theoretical 
calculations of this quantity in recent years flUJ]. The most recent predictions are tl2D 
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(3.23 ±0.27) x 10" 
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.^(flj) ju + /Osm = (1-07 ±0.10) x 10 
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and it has been recently shown that a correction factor r(AT s 
considered when comparing £%(B® — > )sm with experiments ll 1 3t1 . 



(7b) 

0.91 ±0.01 have to be 



A very interesting feature of these processes is that the coefficients C ; are the same 
for 5° and B° in any physics scenario that obeys Constrained Minimal Flavour Violation 
(CMFV), and hence the ratio 33{B Q S — > n + /i~) / '&(B° — > jU + jU~) represents a very useful 
probe of this flavour pattern. In particular, the correlation between the two decays can 
be expressed with very small uncertainties iflill : 
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where r(/i + /i~) = r — 1 in CMFV. This and other relations have been proposed as 
standard candles of flavour physics Q5[] meaning that deviations from them may help in 
identifying the correct NP scenario. 

Until last year, only high upper limits were available for both decays, leaving large 
space to many NP models, especially the ones with extended Higgs sector, that predict 
enhanced branching fractions. In 2011 CDF, CMS and LHCb published their new 
results, and at the beginning of 2012 LHCb set the world best limits [3]: at 95% C.L., 



&(B° S /i + /i") < 4.5 x 10~ 9 



3S{B Q d ^n + n-) < 1.0 x 10 
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that are now very close to the SM predictions. 



IMPACT ON NP MODELS 

Several phenomenological analyses of models BSM performed during the last years 
have been conducted keeping in mind the goal of being ready for the moment in which 
new and more precise experimental data would have been available; the so-called "DNA 
tests" of NP models lfl5ll . as well as the correlation plots lfl6ll . are examples of the tools 
developed for this purpose. For this reason, some qualitative or even semi-quantitative 
statements about the impact of the recent LHCb data on these models can be made 
before performing new complete numerical analyses. We will consider two NP models, 
with very different flavour patterns, showing that the new results put some of them in 
difficulty and some others back in the game. 



• 2HDMjyjpy 111711 . In presence of two Higgs doublets, the imposition of MFV is 
effective in suppressing FCNCs, and still the presence of flavour-blind phases is 



allowed. This model presented the very appealing characteristic that not only a 
large phase in the B s mixing was possible, but that it would have automatically 
solved the S v k s — £ k tension. However, because of the small value for S found 
by LHCb, this model not only loses this possibility, but is also put strongly under 
pressure. 

• Gauged Flavour Symmetries | fl^1 . Based on the assumption that the SU(3) 3 
flavour symmetry of the SM is a gauge symmetry of Nature spontaneously bro- 
ken by the vevs of new scalar fields, this model presents the elegant feature that 
the exotic fermion fields that need to be introduced in order to make the theory 
anomaly-free generate a mechanism of inverse hierarchy that suppresses FCNCs. 
We found that large corrections to £k, SyK s and S ¥ are allowed, but that requir- 
ing £k and SyKs to be both in agreement with experiments permitted only small 
deviations from the SM value of Sy^ lfl9ll . While at the time of our analysis this 
appeared as a possible problem for the model, this result is now fully consistent 
with the LHCb data. 
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